
Length of the Decay Pipe in LBNE 

ༀ Background to νe
✺NuMI has a 675m long, R=1m decay pipe

✺But ~250m (R=2m) for LBNE? 

ༀ Concerns for a longer (~400m) decay pipe
☙High-Ev ➳ Low-Ehad NC
☙What is NC cross-section

☙π0’s in NC
☙Cost
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Figure 2: The EP-predicted composition of νe

from hadro-production experiment (MIPP/NA49), we can predict the νe flux. The predicted νe

flux-composition is shown in Figure 2.
A large effort in the EP analysis is quantifying the systematic uncertainties. The study in-

cludes effects on the EP flux from (1) variation in the Quasi-elastic (QE) and Resonance (RES)
composition relative to DIS; (2) variation in fragmentation (KNO); (3) difference in functional
forms; (4) variation in the low-ν0 correction and the value of the ν0-cut; (5) variation in K/π
ratio; (6) variation in the beam transport parameters (target position, horn current, alignment
of the focussing elements, inert material, etc.); and (7) error in the hadron (EHad) and muon
(Eµ) energy scales. The compilation of fractional systematic errors for the νµ flux in Eν-bins is
presented in Table 1 — typically the systematic error in ND-flux is ≤ ±5%; the corresponding
error the FD/ND flux-ratio is about a factor of two smaller. Similar error-analyses for the ν̄µ-flux
yield an error of ≤ ±7% in 1 ≤ Eν ≤ 65 GeV for the ND-flux and about ±3.5% error on the
FD/ND flux-ratio.

Table 1: Total systematic errors of νµ in ND and the ratio FD/ND.

Systematic Errors for νµ

Systematic Shift
ND F/N

[1,5] [5,10] [10,20] [20,65] [1,5] [5,10] [10,20] [20,65]

QEL ± 15% 0.000 0.001 0.004 0.008 0.001 0.006 0.007 0.009
RES ± 15% 0.001 0.010 0.009 0.006 0.000 0.004 0.004 0.003
KNO ± 50% 0.001 0.002 0.004 0.002 0.000 0.000 0.002 0.009

Function Form 0.001 0.000 0.005 0.029 0.000 0.012 0.010 0.055
ν0 cut 0.000 0.007 0.001 0.010 0.000 0.003 0.003 0.006

K/π ratio 0.000 0.002 0.001 0.000 0.000 0.003 0.002 0.001
Transport Errors 0.001 0.005 0.009 0.002 0.003 0.003 0.007 0.015

EHad ± 10% 0.001 0.008 0.011 0.008 0.001 0.004 0.001 0.006
Eµ ±2% ⊕ 4% 0.000 0.045 0.035 0.008 0.002 0.023 0.023 0.028

Total Errors 0.002 0.048 0.040 0.034 0.004 0.028 0.028 0.065

Finally, we present a comparison of the full CC-spectrum, i.e. with no cut on hadron energy,
between data and EP-flux weighted Monte Carlo. Figure 3, Figure 4 and Figure 5 compare the
total visible energy (Evis), the muon energy (Emu), and the hadronic energy (Eshw) between the
νµ and ν̄µ CC-data and the EP flux-reweighted MC; the Data/MC ratio is shown below. The
agreement between data and MC is impressive.
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                                                    Systematic Errors

  !Functional Form
                                          !Low-V0 Corrections: QE/Res Cross-section   

 !Fragamentation
 !Beam Transport
 !Ehad Resolution

…
                     !Emu (Ehad) Scale ⇐ Largest .. 

                  (5% for ND;  3% for FD/ND)

⇐ !e/!! Prediction using 

      the fitted EP-Flux to ND

☙μ➳νe will be determined to very high accuracy 

using νμ-CC 

☙In νe-appearance, the μ-background cannot be a 
concern.

νe in NuMI
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✺Long Enu-tail

✺These are mostly NC-events

➣ Enu>10 GeV contribution 
to the NC-Pi0 background is 

small

Composition of `NC’ in MINOS-ND
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Figure 4: The Neutral Current versus Charge Current ln λNC/CC for the Non-µID Events:

Shown are the ln λNC/CC distributions of data (Symbol) and the Monte Carlo. The MC is

composed of the NC from all ν’s (Blue), the νµ-CC (hatched-Red), and the ‘rest’ induced by

νµ, νe, and νe CC interactions (fine-hatched Green). The ratio of Data/MC, bracketed by

±5% band (Green), is shown below.
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Non-μID NC.vs.CC Likelihood 1≤Ehad≤100 GeV
Measuring NC/CC



Non-µID NC.vs.CC Likelihood 1<Ehad<5 GeV
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Figure 22: The Neutral Current versus Charge Current Likelihood of “non-MuID” events in

1 ≤ EHad ≤ 5 GeV: Shown are the lnλNC distributions of data (Symbol) and Monte Carlo

composed of the NC (Blue), the CC (hatched-Red), and the ‘rest’ (fine-hatched Green) induced

by νµ, νe, and νe interactions. The ratio of Data/MC bracketed by ±10% band (Green) is

shown below.

80

➶High 
Purity NC

Non-μID NC.vs.CC Likelihood 1≤Ehad≤5 GeV

➧NC/CC will 
be determined 

to a very 
precision in 
ND-LBNE
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HiResMν: A High Resolution

Near Detector for the LBNE

R. Petti

University of South Carolina, USA

LBNE Collaboration meeting

Deadwood SD, October 5, 2009

Roberto Petti South Carolina Group

Overall more than 33k reconstructed events. Three topologies: 

• Cluster/Cluster 24k events 

• Cluster/Conversion 7k events 

• Conversion/Conversion 2k events
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[HiResMnu: expect similar resolution and 

much lower combinatorics] 

* *



✺Low-Ehad NC events induced by High-Enu do not control 
the NuE-appearance sensitivity 

(e.g. NC-Pi0 with Evis=3 GeV, induced by e.g. Enu=20 GeV, will 
not pass the NuE-selection)

✺LBNE will have a much more precise handle on 
NC-Cross-section, NC-Pi0, and Mu/K➳NuE than NuMI 

✺Having a decay pipe with, say, L~400m, allows the FD an 
unprecedented statistical precision in 10<Enu<50 GeV --- a 

region not at all explored for Oscillation-Physics in any 
experiment with high precision

✺With well understood background and flux, the high 
Enu-region offers a unique opportunity to make discoveries

✺L~400m allows for better precision measurement and searches 
in the ND 



Cost

Consider L=400m, R=1.5m (Loose ~12-15% of  flux at 2nd. Max
compared to R=2m;  little loss at 1st.Max)

Vol(New)/Vol(Old) ~ 0.9

My Inclination:  (L=400m, R=1.5m) is preferable to (250m, 2m)
--- the default choice

We are designing a facility which will last for 20 years

➧An appeal not to cast into stone the length of the 
decay pipe to be 250m which will compromise the overall 

physics potential of LBNE program


